Black Aspergillus species isolated from clinical and environmental samples in Iran
Members of the genus Aspergillus are common environmental saprophytes, making up to 40 % of fungal communities in indoor and outdoor environments (Manuel & Kibbler, 1998) . They are natural inhabitants of soil, water and organic debris, and are rarely pathogenic to healthy hosts; however, they can be fatal opportunistic agents in immunocompromised patients and other susceptible hosts (Barton, 2013) . The genus Aspergillus is divided into several groups, including Aspergillus section Nigri, commonly known as the black aspergilli (Gams et al., 1986 ) that includes several environmental species (Klich, 2009) , some of which have been implicated in human and animal disease (Abarca et al., 2004) . After various revisions, the number of accepted species within this section is ,26, including several species which have been described recently (Perrone et al., 2011) .
Black aspergilli are often reported to be the third most common Aspergillus species associated with invasive disease and aspergilloma (Denning, 1998; Pappas et al., 2010) . Amongst the species of the section Nigri, Aspergillus niger has been reported as the most frequent aetiological agent of otomycosis (Kaya & Kiraz, 2007) . Nevertheless, the clinical implications of other species are rarely reported and they are generally misidentified as A. niger (Howard et al., 2011) . Identification of clinical isolates of Aspergillus to the species level is important because different species may have dissimilar susceptibilities to antifungal drugs. Hence, species informs the choice of antifungal therapy (AlcazarFuoli et al., 2009 ).
The objective of this elementary study was to determine the biodiversity of black aspergilli isolated from clinical and environmental samples using sequencebased identification. To the best of our knowledge, this is the first report on this topic in Iran.
A total of 52 clinical and environmental strains of black Aspergillus were used in this study. Thirty-two strains were isolated as causative agents or rarely as contaminants from patients with suspected fungal infections referred for laboratory diagnosis to medical mycology laboratories in Tehran, Iran, and an additional 20 were recovered from soil or air in different climatic areas of the country and from different food products (Table 1) . Strains were identified as black Aspergillus based on their dark-coloured colony appearance and based on conventional morphological methods, such as direct microscopic examination and slide culture techniques.
For molecular identification of the isolates, fungal genomic DNA was extracted from each colony using glass bead disruption (Yamada et al., 2002) . The b-tubulin gene was amplified using the Bt2a (59-GGTAACCAAATCGGTGCTGCTTTC-39) and Bt2b (59-ACCCTCAGTGTAGTGACC CTTGGC-39) primers (Glass & Donaldson, 1995) . PCRs were performed in 50 ml volumes containing 25 ml 26 premix (Ampliqon), 10 pmol each primer and 2 ml extracted DNA. Thermal cycling profile was 5 min at 95 8C followed by 35 cycles of 94 8C for 30 s, 60 8C for 45 s and 72 8C for 1 min, with a final extension step at 72 8C for 5 min. Amplicon aliquots of 5 ml were electrophoresed using a 1.5 % agarose gel in TBE buffer (90 mM Tris, 90 mM boric acid, 2 mM EDTA, pH 8.3) and visualized under UV irradiation after ethidium bromide staining. PCR products were purified using a commercial purification kit (Bioneer) and sequenced using the forward primer employed in the PCR. For species identification, obtained reliable sequences were submitted to BLAST queries against Aspergillus reference sequences available in GenBank (http://www.ncbi.nlm.nih.gov/).
In cultures, the strains presented microscopic characteristics such as darkbrown to black conidia, spherical vesicles and hyaline or lightly pigmented hyphae near the apex. These morphological features were generally shared amongst all strains. Most isolates, which were later identified as Aspergillus tubingensis, A. niger, Aspergillus awamori and Aspergillus acidus by b-tubulin sequencing, produced biseriate phialides, whilst Aspergillus uvarum exhibited uniseriate phialides. The ornamentation of the conidia was also characteristic for some species such as A. tubingensis and A. niger, which produced conidia with a spiny appearance, while A. awamori, A. acidus and A. uvarum had smooth conidia. It was noticeable that A. niger and A. tubingensis had variant shared colony characters in Sabouraud dextrose agar that was not helpful to distinguish them from each other.
Using the universal fungal b-tubulin primer pair, a 500-550 bp fragment was successfully amplified in all tested isolates. The BLAST analysis of the sequences indicated that 28 (53.8 %) and 21 (40.3 %) isolates were A. tubingensis and A. niger, respectively. Accounting for ,6 % of all sequenced samples, three other sequences represented A. uvarum, A. awamori and A. acidus (Table 1 ; GenBank accession nos KT965677-KT965724).
In general, black Aspergillus species can be distinguished via a polyphasic approach, using morphology, physiology and molecular data (Samson et al., 2007) ; nevertheless, most of the species belonging to Aspergillus section Nigri are usually considered as A. niger based on only morphological characters (Martínez-Culebras & Ramon, 2007 Recently, clinical isolates thought to belong to A. niger have been reclassified by genetic tools as A. tubingensis, A. awamori, A. uvarum and A. brasiliensis (Perrone et al., 2008; Manikandan et al., 2010; Hendrickx et al., 2012; Szigeti et al., 2012) . Accordingly, A. niger is not the only black Aspergillus species involved in infections, Indeed A. tubingensis and other black Aspergillus species are also able to cause infections. Howard et al. (2008) examined 43 black aspergilli deriving from various clinical sources by sequence analysis of the internal transcribed spacer region of the rRNA gene, partial calmodulin and b-tubulin sequences, and found that 69.7 % of the isolates belonged to A. niger and A. awamori, 18.6 % to A. tubingensis, 7.0 % to A. fetidus, and 4.7 % to an undescribed species.
Sequence data in our study indicated that in addition to A. niger, A. tubingensis is also able to cause ear infections in Iran. Likewise, by using partial analysis of the calmodulin gene sequence, Szigeti et al. (2012) indicated that in addition to A. niger and A. tubingensis, A. awamori is also capable of causing otomycosis in Hungary. In mycotic keratitis, although the primary causative agent within the genus is Aspergillus flavus, black aspergilli appear to be the most frequent pathogens in certain geographical regions (Kredics et al., 2009) . From Aspergillus section Nigri, A. niger has been reported as a possible causative agent of fungal keratitis (Kredics et al., 2008) . However, in a study from India the causative agents of both reported cases of keratitis were identified as A. brasiliensis based on partial sequence analysis of the b-tubulin gene (Manikandan et al., 2010) , suggesting that this newly described species may be responsible for a significant proportion of corneal infections caused by black Aspergilli.
In initial evaluation of a nail sample from an immunocompetent patient, dichotomous septate hyphae were observed by the KOH test. As the sequencing result of the grown colonies matched 100 % with A. uvarum, this was considered the first documented case of onychomycosis due to A. uvarum. The details of the case are reported elsewhere (Zarei et al., 2015) .
A. tubingensis and A. niger were the dominant black Aspergillus in both clinical and environmental isolates in Iran. However, species such as A. uvarum, A. awamori and A. acidus were also found. Further studies with larger sample sizes and antifungal susceptibility testing of the isolates are recommended. A. tubingensis (7) Ear specimens (4) A. tubingensis (2), A. niger (2) Skin lesions (2) A. niger (2) Non-clinical (20) Air (10) A. tubingensis (6), A. niger (4) Spice (6) A. tubingensis (3), A. niger (3) Grape (2) A. tubingensis (1), A. niger (1) Soil (2) A. niger (1), A. acidus (1)
